Coffee consumption as a social event has a history going back over four centuries. Following the examples that merchants had seen in the Ottoman Empire, the first European coffee houses appeared in Venice, London and Oxford in the mid 17 th century, from where they conquered the continent and became an important meeting point and part of the public sphere, especially in cultural centres like Vienna and Paris. Various intellectual and cultural movements are closely associated with the cafés where their protagonists gathered, such as the Parisian literary circles around JeanPaul Sartre and Simone de Beauvoir with the café Les Deux Magots.
In recent years, the unstoppable spread of global coffee shop chains, originating from the Seattle scene of the 1970s, seems to have yet again redefined coffee culture for the 21 st century and driven it to new commercialisation records. Many consumers in the wealthier countries also have developed an interest in coffee origins and varieties, and an awareness of the economic problems of coffee producers, and have taken action by supporting fairtradecertified products.
Simultaneously, the poor image that coffee used to have among health professionals has been tempered somewhat by recent findings highlighting beneficial effects from the antioxidant content through to the memory-enhancing activity of caffeine. So these could be golden times for coffee lovers, if it weren't for the combined effects of climate change and globalisation, which are set to spoil the coffee experience for consumers and producers alike.
Shifting grounds
The trouble with coffee, and especially with the Arabica variant, which accounts for the bulk of the production, is that it only tolerates fairly narrow limits of variability in temperature and rainfall. Specifically, Arabica coffee wants temperature to stay between 15 and 25°C, and rainfall between 1400 and 2000 mm per year.
Central America, an area where millions depend on coffee export for their economic survival, has been identified as one of the most vulnerable regions for the impacts of climate change. It has already experienced an increase of average temperatures along with catastrophic droughts in some areas and torrential rainfalls in others. Specific warnings on the outlook for Central America have been issued by the Intergovernmental Panel on Climate Change (IPCC) among other organisations.
Feature
In Nicaragua, for instance, the areas suitable for coffee farming used to be in the elevation range from 800 to 1400 metres above sea level. Climate models suggest that this range will have shifted upwards to 1200 to 1600 metres by the year 2050. Coffee producers will have to adapt to this shift in one way or another.
Most producers in Central America are impoverished smallholders who will not have the option to move their plantations uphill. Even where suitable higher grounds are available, such a move would require funds to invest in new locations, which aren't accessible to these farmers.
Although wine growers are also facing the prospect of shifting climate zones, they are in the Mediterranean climate zone and thus typically in much wealthier countries than the coffee growers. Thus, even though there may be cases of hardship in historic wine-growing areas, the wine business as a whole will find it easier to move with the shifting climate to wherever the conditions will be favourable.
As a rapidly growing global consumer base appreciates the pleasures of coffee and chocolate and health warnings are being replaced by more encouraging sounds from medical experts, their supply is under threat from climate change, pests and financial problems. Coffee farmers in Central America, in particular, are highly vulnerable to the impact of climate change, made worse by financial insecurity. Michael Gross reports.
Coffee and chocolate in danger
Harvest time: A worker picks coffee berries on a farm in Costa Rica. Coffee growers in Central America are acutely threatened by a combination of climate change and financial insecurity. Coffee farmers are not so lucky. They may be able to mitigate the warming trend somewhat by planting shade trees. In fact, mixed plantations with bananas or other fruit trees providing shade for the sensitive coffee plants and additional income security for the farmers were common practice until a few decades ago, when the introduction of sunlight-resistant varieties and the drive -sponsored by aid agencies -for more efficient use of the land surface available encouraged many to abandon this precaution and plant coffee in full sunlight and in monoculture.
Making matters worse, some of the most common pests of the coffee plant are benefiting from the temperature rise. Thus, in Nicaragua, the coffee rust fungus, Hemileia vastatrix, has expanded its range and is threatening the survival of coffee farmers. A recent report from Zimbabwe suggests that an important insect pest, the coffee white stem borer, Monochamus leuconotus, will further expand its range in three districts, while receding in one (D. Kutywayo et al., PLoS One (2013) 8, e73432) .
Research in Kenya has found that the coffee berry borer, Hypothenemus hampei, benefits from temperature rise, making it more of a threat in the future. Juliana Jaramillo and colleagues showed that a return to traditional methods of mixed cultivation with shade trees could help to keep the borer at bay (PLoS One (2013) 8, e51815) .
Adding to the problems of coffee producers in tropical countries is the fact that the world market price of coffee as a commodity is largely detached from their efforts and even from the amounts that they supply. Of the exorbitant prices that consumers happily pay in chic coffee shops in Western world, only a small percentage goes to the farmers growing the beans. The largest part of the value accrues at the companies that transport, roast, blend and sell the coffee -and they are typically based in the coffee-importing rich countries, rather than in the coffeeexporting poor ones.
The port of Hamburg, Germany, has the largest turnover of actual coffee beans, while the stock markets in New York host more theoretical operations that shape the prices. Since the breakdown of price regulation, the global coffee prices have become the target of commodity speculation (Curr. Biol. (2011) 21, R795-R798), disconnecting the trade even further from the producers. Thus, if farmers fall short of their usual production amounts, it is unlikely that the market will respond by paying them higher prices.
Adaptive strategies
With shifting climate, pests, and financial insecurity, farmers are facing a complex mixture of problems that makes it impossible to respond in a straightforward way. Hallie Eakin from Arizona State University, USA together with colleagues from the USA and from Guatemala, Costa Rica and Mexico have analysed a number of case studies to evaluate how coffee farmers in Central America perceive climate risks and how they plan to react to it (Environ. Dev. Sustain. (2014) 16, 123-139) . The researchers found that for most of the smallholder farmers, climate change is just one of the factors in what the paper describes as a "multi-stressor environment". While coffee farmers are aware of the climate risks, they tend to view extreme weather events with a fatalistic attitude, attributing them, for instance, to God's will.
The report finds that smallholder farmers are prepared to change their practices to protect their livelihoods from climate change and other threats, but that their responses are often far from rational or comprehensive. Many strategic measures that could offer protection would require funding and/or regional co-ordination, both of which are in scarce supply after governments in the region have generally scaled down their institutional backing for agriculture.
Maria Baca from the International Center for Tropical Agriculture in Managua, Nicaragua, and colleagues from other countries have developed new methodologies for assessing the vulnerability of coffee growers and for developing new adaptive strategies for them (PLoS One (2014) 9, e88463). The authors conclude that diversification of crops is an important strategy allowing farmers to reduce their exposure to climate and other risks. This measure would not be difficult to implement, as it could be based on a return to more traditional, diverse farming methods that were common before intensification and monoculture were adopted. In some places, where coffee production becomes impossible, alternative crops such as cocoa may have to be introduced. The researchers also note that the access to finance is crucial, including both micro-loans and larger credit for farm-scale investments.
Seeing that the typical smallholder coffee-growing families in Central America have no support structures helping them to adapt to drastic change, the authors conclude that "solutions require the support of social organizations (civil society groups, cooperatives and smallbusiness organizations) to enable rural households to access the resources and knowledge necessary for adaptation, while empowering communities to shape the direction of the coffee sector to meet their diverse development needs."
The authors also criticise the withdrawal of state institutions from the supporting role that farmers need, considering that large-scale planning is crucial both for sustainable development and for mitigation of damage from extreme weather events. Building terraces on a hillside may, for instance, protect farms from landslides, but only if is done for the entire surface at risk, which requires state co-ordination and funding.
All these developments spell likely disaster (and possible mass migration) for penniless coffee producers, and some discomfort for wealthier coffee consumers, who may end up paying more for a cup of coffee that tastes less good than it used to. The rapidly growing fair trade commerce -overseen by organisations like Fair Trade USA in the US and the Fairtrade Foundation in the UK -provides a channel allowing the latter to support the former, but will it be sufficient?
One slim silver lining lies in the biological fact that Arabica coffee is a crop that has only been domesticated in relatively recent history, and thus hasn't been subject to any serious efforts at optimisation through breeding. Therefore, World Coffee Research (http://worldcoffeeresearch. org/), a non-profit organisation based at Texas A&M University, USA, aims to "create a toolbox of coffee varieties, genetic resources and accompanying technologies and to disseminate them strategically and collaboratively in producing countries to alleviate current and future constraints to the supply chain of fine Arabica coffees." Specifically, the organisation has identified the narrow genetic variety of the Arabica plants grown around the tropics as an important factor blocking coffee producers from adapting to climate change. Using the genetic diversity of Arabica growing wild in East Africa for inspiration, it aims to create new, more resilient varieties and make them available to national breeding programmes in coffee-producing countries, to ensure their efficient distribution to growers. They will have to work really fast, however, to save coffee production in Central America.
Another new avenue that may eventually help coffee producers to improve their livelihoods and the sustainability of their industry is the development of a new food product known as coffee flour™, made from the coffee cherry, the pulp surrounding the coffee bean (http://www.coffeeflour.com/). This material is rich in fibre, protein and iron. It doesn't taste like coffee, but has floral taste notes reminiscent of citrus and roasted fruit. The developers anticipate its use in a range of foods from muffins and cookies through to sauces and beverages. For the growers it offers the benefits of creating additional revenue from a product that can be easily stored and transported, along with waste reduction. Production of coffee flour has already started in Hawaii, Nicaragua, Guatemala, Mexico and Vietnam. Commercial roll-out is scheduled to begin in late 2014 to early 2015 -with the prospect of not only adding new flavours to the world's food, but also to improve the lives of coffee growers.
Chocolate in demand
Chocolate is another product of tropical agriculture which you may also consume in a coffee shop or indeed anywhere else. Like coffee, it has experienced a global boom in recent years, with a growing number of consumers in the wealthier countries and in the emerging economies driving up demand. There has also been an increasing interest in artisanal, high-quality, and fairly traded chocolate products, boosted by reports that chocolate bars with high contents of cocoa solids are rich in antioxidants and therefore healthy when enjoyed in moderation.
And yet, chocolate is also under threat from a similar combination of factors as coffee, with subtle differences. The cocoa plant isn't quite as sensitive to temperature changes as coffee and can indeed replace coffee when the weather gets too hot. Still, pests are expanding, the producers are poor and poorly educated, and market volatility and food speculation deprives them of any influence on the commercial fate of their product. As with coffee, only the raw material comes from the tropics, while most of the value is generated in moderate climes.
As Dave Goodyear from the UK's Fairtrade Foundation has recently outlined in a sponsored feature in The Guardian, demand for cocoa has grown for decades and is likely to increase by another 30% to 4.5 million tonnes by 2020. Smallholder cocoa farmers in the tropics may not be able to satisfy this demand, Goodyear warns.
As with coffee and other food commodities, world market prices for cocoa have shown wild fluctuations in recent years, often unrelated to the supply situation of the actual commodity. Even when prices rise, the producers aren't feeling the benefit. Of the final retail value of a typical chocolate bar, Goodyear reports, only around 5% is paid to the cocoa farmers in West Africa -a fall from around 16% in the 1980s.
The poverty of the primary producers means they don't have funds to invest in modernising their equipment, adapting to climate change, or fighting pests, never mind expanding their productivity to serve a growing demand. Goodyear warns that as a result of these developments, many young people are abandoning the cocoa-growing communities, leaving the prospect of a declining production facing an increasing demand. In other words, chocolate could again become a rare luxury.
The increasing commercial success of fairtrade products may offer some relief to some farming communities, although there are also debates about how much of the surplus charged to consumers actually reaches the producers, and some other fundamental problems remain. In a global food market exposed to climate change, speculation, and other threats, quite a few things will have to be re-organised in order to keep consumers happy and producers alive.
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